Purified particles of beet cryptic virus (BCV) contained two protein species with estimated mol. wt. of 5.45 × 104 and 5.25 × 104, and four nucleic acid species ofmol. wt. 1.36, 1.15, 0-94 and 0.87, all × 106. These nucleic acids were shown to be dsRNA on the basis of thermal denaturation profile, isopycnic sedimentation in Cs2SO4 solutions, electron microscopical appearance and nuclease resistance. Previous work has shown that a cryptic virus from leaf beet in Japan reacts with BCV antiserum but contains only two dsRNA species that co-migrate with the two larger RNAs of BCV. These and our results suggest that BCV is a mixture of two viruses, although this was not evident from the appearance of the particles in the electron microscope.
Small isometric particles about 30 nm in diameter, seedborne symptomlessly in sugar beet (Beta vulgaris), have been named beet cryptic virus (BCV). BCV has been purified and characterized to some extent, but nothing has been reported about its nucleic acid (Kassanis et al., 1977) . More recently, other virus-like particles with morphology and biological properties similar to those of BCV have been described and, where examined, have been shown to possess two or more dsRNAs Boccardo et al., 1983 Boccardo et al., , 1985 Natsuaki et al., 1983 Natsuaki et al., a, b, 1984 and one or two coat proteins (Natsuaki et al., 1983a;  and unpublished work in our laboratory).
Sugar beet plants cv. Sharpes Klein E (the same variety from which BCV was originally obtained) were grown from seed (courtesy of Dr R. F. White, Rothamsted Experimental Station, Harpenden, U.K.) in sterilized soil in an insect-proof glasshouse. The virus-like particles obtained from these plants were tested with the Rothamsted BCV antiserum (gift of Dr D. A. Govier) to see if they were the same as those originally described. The reported homologous titre of the serum was 1:243 in gel diffusion tests (Kassanis et al., 1977) ; it gave a titre of 1:4000 in electron microscope decoration tests with our virus preparations, indicating that they contained antigens closely related to the original ones (R. G. Milne, personal communication).
BCV was purified by extracting the sap from batches of seedlings with a roller press (E. Pollahne, Wessignen, F.R.G.) in the presence of 2.5 vol. (v/w) of 0-5 M-potassium phosphate buffer pH 7.0, containing 20 mM-Na2SO3, 10 mM-EDTA and 10 mM-sodium diethyldithiocarbamate, followed by clarification with 1 vol. CHC13 and 1/10 vol. n-butanol, two cycles of differential ultracentrifugation, and rate-zonal ultracentrifugation in preformed linear 20 to 60% (w/v) Cs2SO4 velocity density gradients. Final preparations were resuspended in appropriate media as specified below. Virus and nucleic acid absorption profiles were determined in a Beckman DU-8 u.v. spectrophotometer equipped with a T~ Compuset for thermal denaturation studies.
Purified BCV, when subjected to isopycnic centrifugation in CsC1 solutions, usually formed one component, but sometimes formed two incompletely separated components of densities 1.38 and !.36 g/ml. These values are similar to those reported for BCV (Kassanis et al., 1977) and other cryptic viruses (Lisa et al., 1981b; Boccardo et al., 1985b) . In negative stain, the two 0000-6737 © 1986 SGM components appeared similar. Purified BCV, suspended in 0.01 M-potassium phosphate buffer pH 7-0, had a u.v. absorption profile typical of a nucleoprotein, with Area x and Amin at 260 and 244 nm, respectively, and Amax/Ami n and A26o/A280 ratios of 1.09 and 1.35 respectively (all uncorrected for light scattering). Capsid proteins were released from virus particles after isopycnic centrifugation as described by Boccardo & Milne (1975) ; virus was suspended overnight in 0-01 M-phosphate buffer pH 7.2, containing 2~ SDS, 1 ~o 2-mercaptoethanol and 8 M-urea and then dialysed against the same buffer diluted with an equal volume of water. The proteins were electrophoresed in the discontinuous system of Laemmli (1970) or in the continuous system of Swank & Munkres (1971) , using the mol. wt. markers listed in Fig. 1 . Irrespective of the method adopted, BCV yielded two polypeptide bands with estimated tool. wt. of 5.45 × 104 and 5.25 x 104 in roughly equimolar amounts, as judged from stain intensity (Fig. 1) . These results differ from those of Kassanis et al. (1977) , who found that at least 8 0~ of the protein in a virus preparation was in one peptide band (mol. wt. 3.6 x 104). However, these authors used virus purified by sedimentation in sucrose density gradients, and our experience with cryptic viruses indicates that host components might well have grossly contaminated such a preparation (Lisa et al., 1981b; Boccardo et al., 1985b) . Nucleic acid was extracted from purified particles as described by Boccardo & D'Aquilio (1981) . The virus was suspended in 0.1 M-sodium acetate and 1 mM-EDTA, and shaken with 1 SDS, 1 ~o bentonite and 1 vol. 90~o phenol containing 1 ~ 8-hydroxyquinoline. The nucleic acid had u.v. absorption spectra with Amax and Ami n at 258 and 232 nm, with Amax/Ami n and A 260/A280 ratios of 1.8 and 2.01 respectively.
For electron microscopy, the nucleic acid was dissolved in 0.5 M-ammonium acetate containing 0.01 ~o (w/v) horse heart cytochrome c (type VI, Sigma) and 20 ~tl samples were spread in non-denaturing conditions by the Kleinschmidt technique as described by Lisa et al. (1981a) . Samples were collected on Collodion-filmed grids, stained with 5 x 10 -5 M-uranyl acetate in 9 0~ ethanol, and examined in a Philips EM 300 electron microscope. Linear molecules (Fig. 2) with an appearance typical of double-stranded nucleic acid were observed.
The shape of the melting curve obtained by heating a sample of BCV nucleic acid in 0.01 x SSC (SSC is 0.15 M-NaC1, 0.015 M-sodium citrate, pH 7.0) was that expected for a doublestranded nucleic acid (Fig. 3) . Denaturation was complete at 90 °C, with a distinct transition (50~ point) at 78 °C. The total hyperchromicity developed between 20 and 102 °C was about 20~. The nucleic acid, when subjected to isopycnic centrifugation in Cs2SO4 solutions in 0.001 × SSC, banded at a density of 1.606 g/ml. R N A from maize rough dwarf virus (MRDV), a dsRNA virus of the plant reovirus group (Boccardo & Milne, 1984) , banded at the same density in tubes centrifuged in parallel.
A 20 ~g/ml solution of BCV nucleic acid was mixed either with boiled pancreatic ribonuclease A (RNase, type I, from Sigma) or RNase-free deoxyribonuclease I (DNase, Sigma) to give a final enzyme concentration of 0.3 t~g/ml. The mixtures were incubated at 37 °C for 15 min and then analysed in 5 ~ polyacrylamide gels as described by Boccardo et al. (1985 a) . The nucleic acid yielded four bands (Fig. 4) , whose appearance was unaffected by DNase or by RNase in molecular weights of the four RNAs, estimated by comparing their mobilities with those of the dsRNAs of MRDV, rice dwarf virus (RDV), rice gall dwarf virus (RGDV) (Boccardo et al., 1985 a) and Bombyx mori cytoplasmic polyhedrosis virus (CPV; courtesy of Dr C. C. Payne, Glasshouse Crops Research Institute, Littlehampton, U.K.) were 1.36, 1-15, 0.94 and 0.87, all x 106 (average of eight determinations on three different preparations; standard errors 0.043, 0.036, 0.025 and 0.024, all x 106).
Attempts were made to analyse the nucleic acids and proteins of the two partially separated components sometimes obtained when purified virus was centrifuged to equilibrium in CsCI solutions. The leading and trailing edges of the double peak were not, however, consistently different in composition; both contained the two proteins and four RNAs in proportions similar to those found in the unfractionated peak.
Our results indicate that BCV has properties similar to those reported for other cryptic viruses (Lisa et al., 1981 a, b; Boccardo et al., 1983 Boccardo et al., , 1985b . Kassanis et al. (1977) suggested that BCV might be a mixture of several viruses or strains coexisting in a single carrier plant, and our finding of two different proteins and four dsRNAs supports this suggestion. Other evidence that BCV from batches of Sharpes Klein E seedlings is a mixture of two viruses comes from the results of Natsuaki et al. (1985) , who found that leaf beet (B. vulgaris var. eiela) from Japan may carry isometric particles that react strongly with BCV antiserum but contain only two dsRNAs which co-migrated with the two larger of the four BCV RNAs.
